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ARGININE TRANSFERASE ACTIVITY IN HOMOGENATES FROM GUINEA-PIG 
HAIR FOLLICLES 
ROBERT A. LOCK, B.Sc. (HONS.), HARRY W. J. HARDING, PH.D.*, AND GEORGE E. ROGERS, PH.D. 
Department of Biochemistry, University of Adelaide, Adelaide, South Australia 
The transfer of arginine from tRNA to the amino terminal region of acceptor proteins has 
been demonstrated in postribosomal supernatant from guinea-pig hair follicle homogenate. 
The reaction has no requirement for template nucleic acids, ATP, GTP, or Mg++, and is 
unaffected by high concentrations of cycloheximide. It is concluded that the arginine transfer 
activity of the guinea-pig hair follicle is due to the action of a soluble enzyme similar to the 
arginine transferases previously described for other mammalian tissues. 
Hair follicle homogenates active in the biosyn-
thesis of proteins were first reported by Rogers and 
Clarke [1], Freedberg [2], and Clarke and Rogers 
[3]. The activity of the systems used by these 
workers for incorporating radioactively labeled 
amino acids into protein was low. However, much 
higher activities were obtained by Steinert and 
Rogers [4] whose system was taken as the starting 
point for further investigation of protein synthesis 
in the hair follicle. The present study has resulted 
in the disGovery of arginine transferase activity in 
guinea-pig hair follicle homogenates. 
Arginine transfer enzyme (L-arginyl-tRNA-
:protein arginyl transferases, E.C. 2.3.2.8) have 
previously been identified in extracts from mouse 
plasma tumor cells [5], sheep thyroid [6-8], rat 
liver [9], rabbit liver [10,11], and bovine parathy-
roid [12]. These enzymes have been shown to 
catalyze the transfer of L-arginine from its tRNA 
into peptide linkage with the amino terminal 
residue of certain protein acceptors, e.g., bovine 
serum albumin [11] and bovine thyroglobulin [13]. 
The reaction does not require ribosomes, template 
nucleic acids, Mg++, ATP, or GTP, and is highly 
specific with respect to both the amino acid 
transferred and the acceptor protein. A feature 
common to acceptor molecules is the presence of 
an amino terminal aspartic or glutamic acid resi-
due [14]. Arginylation of acceptors is stoichiomet-
ric, i.e., one arginine molecule is transferred to 
each free amino terminal acidic residue. Arginine 
transfer enzymes have been identified not only in 
mammalian tissues but also in higher plants [15] 
and lower eukaryotes [16,17]. However, the pres-
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ence of a phenylalanine, leucine transferase, has 
been demonstrated in extracts from Escherichia 
coli [18-20]. The literature on aminoacyl-tRNA 
transferases has been recently reviewed by Soffer 
[21]. 
MATERIALS AND METHODS 
Animals. Young (age less than 3 weeks or body weight 
less than 180 gm) albino guinea pigs of both sexes were 
used. These animals would be expected to have 90 to 95% 
of their hair follicles actively growing [22) and to contrib-
ute relatively little skin-derived ribonuclease to the 
follicle homogenate (4). 
Preparation of hair follicle homogenate. This was 
adapted from the wax-sheet method previously described 
[3). To minimi~e ribonuclease contamination, all glass-
ware, instruments, and buffers used in this procedure 
were autoclaved before use. During isolation of the 
follicles, sterile disposable plastic gloves were worn. The 
whole procedure, including killing and f1aying the ani-
mals, was carried out at 0-4°C. 
Follicle tissue was isolated and homogenized by the 
method of Steinert and Rogers [4) using a modified buffer 
containing 20 mM Tris-HCI (pH 7.6), 4 mM MgCI 2, 150 
mM KCI, and 0.5 mM dithiothreitol. The homogenate was 
filtered through nylon gauze (pore size about 0.05 mm) to 
remove hair and other debris, and was centrifuged at 
12,000 x g for 10 min. The supernatant contained hair 
follicle polysomes which consisted of up to 35 ribosomes 
when examined under the electron microscope by stan-
dard negative-staining procedures. This supernatant will 
be referred to as whole-tissue homogenate. The protein 
concentration within this homogenate was 3-4 mg/ml as 
determined by the method of Lowry et al [23]. 
Preparation of aminoacyl-tRNA. Stripped tRNA was 
prepared from guinea-pig liver by the method of Yang 
and Novelli [24]. Aminoacyl-tRNA synthetases were pre-
pared by the method of Vargas and Castaneda (25) .. 
Aminoacyl-tRNA was then prepared by the method of 
Yang and Novelli (24). 
Determination of protein radioactivity. After incuba-
tion under varying conditions as described in the text, 
protein was precipitated from 50-Ill samples by the 
addition of 1 ml of 20% (w/v) trichloroacetic acid (TCA) 
containing 1 % (w/v) casein-amino acids. Samples were 
left at O°C for 30 min, centrifuged at 1000 x g for 10 min, 
and the supernatant discarded. Each pellet was dissolved 
in 0.5 ml of 0.3 N NaOH in order to hydrolyse amino-
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acyl-tRNA. and protein was then reprecipitated by the 
addition of 1.5 ml of 20% TCA-l % casein-amino acids. 
Protein was collected by vacuum onto Whatman GF/A 
glass fiber papers which were washed thoroughly with 
~O% TCA-l% casein-amino acids and with ether. Sam-
ples were dried and their radioactivity determined by 
liquid scintillation counting. 
Materials. Disodium ATP (grade 11), sodium GTP 
(grade II-S), creatine phosphokinase (rabbit muscle), 
disodium phosphocreatine, dithiothreitol, dithioerythri· 
tol, chloramphenicol, cycloheximide, and ribonuclease-A 
(bovine pancreas, type II·A) were obtained from Sigma 
Chemical Co. Casein·amino acids were obtained from 
Difco Laboratories. 
Trypsin (minimal chymotrypsin content) was obtained 
from Mann Research Laboratories. [guanido-"C]-L.Argi. 
nine (46 ;lCi/;lmole) and [U-"C]'L-arginine (313 ;lCi/ 
/lmole) were obtained from Schwarz/Mann, New York, 
and [U-"C]-L·leucine (311 ;lCi/"mole) from the Radio-
chemical Centre, Amersham, England. 
RESULTS 
Initially the incorporation of [14C ]arginine and 
[HC Jleucine into proteins in whole-tissue homoge-
nates was investigated. Incorporation of leucine 
reached a maximum after about 15-min incubation 
at 37°C and showed no further increase. Incorpora· 
tion of arginine, however, after reaching a plateau 
at about 10 min, began a further linear increase at 
about 20 min which continued until at least 2 hr 
after the beginning of incubation (Fig. 1). It has 
been previously shown [26 J that after 60-min 
incubation of a whole-tissue protein synthesizing 
system in the presence of chloramphenicol (4 .x 
1O~' M) the incorporation of leucine was inhibited 
by only 37, whereas the presence of cycloheximide 
(3 .x 10' 3 M) inhibited incorporation by 97"f. These 
results were confirmed in the present study, and it 
was also shown that chloramphenicol had a negli-
gible effect on arginine incorporation. The pres-
ence of cycloheximide, however, did not prevent 
the incorporation of arginine. At a concentration of 
3 .x 10 ~ 3 M it inhibited arginine incorporation by 
only 33 Ck after 60-min and by onlv 13% after 
120'-min incubation. Incorporation w~s linear for 
the whole 120 min (Fig. 2). 
These results suggested the possibility that the 
linear incorporation of arginine into protein over an 
extended period of time in the follicle homogenate 
might be due to some nonribosomal mechanism. 
When follicle polysomes were pelleted from whole-
tissue homogenate at 155,000 x g for 60 min, the 
supernatant was capable of incorporating arginine 
into protein at a linear rate for at least 120 min, 
and this rate was close to that observed in the 
whole·tissue homogenate system over the period 
20-120 min (Fig. 3). Activity was completely 
inhibited when the supernatant was boiled. 
The postribosomal fraction from whole-tissue 
homogenate was used for all further investigation 
of nonpolysomal arginine incorporation into pro-
tein in the follicle. In order to determine whether 
any amino acids other than arginine might be 
incorporated into protein by a nonpolysomal mech-
anism, reconstituted "C-protein hydrolysate was 
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FIG. 1. Time course for the incorporation of [HC )argi· 
nine ( ______ ) and ["C]leucine (&--&) into protein 
by guinea-pig hair· follicle homogenate. Homogenate was 
prepared as described in Materials and Methods (protein 
content 3-4 mg/ml). in a solution containing 20 mM 
Tris-HCI (pH 7.6),150 mM KCI, 4 mMMgCJ" and 0.5 mM 
dithiothreitol. The incubation medium which consisted 
of 70% (by volume) follicle homogenate also contained 2.0 
mM ATP. 0.5 mM GTP, 10 mM phosphocreatine, lOO 
;lg/ml creatine phosphokinase, 10 "Ci/ml radioactive 
amino acid either [guanido-"C }-L-arginine (46 /J-Ci/ 
;lmnle) or [U. "C J-lrleucine (311 ;lCi/"mole), and 10 "M 
of each of the other amino acids (unlabeled). After incuba-
tion at 37°C with shaking, protein was collected from 
50'/l1 samples and its radioactivity determined as de· 
scribed in Materials and Methods. 
.. 
.. 12. 
Min..,1 es 
FIG. 2, Time course for the incorporation of [HC ]argi· 
nine into protein in the absence (&--&) and presence 
(11-.) of 3 x 10-' M cYcloheximide. Other condi-
tions were as described for Fig. 1. 
added to a standard incubation mixture constitut-
ed as given in the legend to Figure 3. After 
incubation for 120 min at 37 DC, protein was 
precipitated with TCA, pelleted, and redissolved 
in 0.3 N NaOH as given in Materials and Methods. 
The protein was then reprecipitated and washed 3 
times with 20% TCA-l % casein~amino acids. The 
protein was hydrolyzed, the amino acid content 
determined (Beckman 120C Amino Acid Analy-
ser), and the radioactivity of fractions containing 
amino acids was then measured. Significant radio-
activity was detected only in the fractions contain-
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ing arginine. Since it has been established [27-29] 
that the protein of guinea-pig hair medulla con-
tains a large amount of covalently bound citrulline, 
this amino acid was tested separately as a possible 
substrate and was shown to be inactive. 
The addition of ribonuclease (20 I'g/ml) to 
whole-tissue homogenate was shown to completely 
eliminate the incorporation of ["C ]arginine, and 
its addition to the postribosomal supernatant frac-
tion after 30 min of incubation completely pre-
vented further incorporation (Fig. 4). The depend-
ence of the transfer reaction on the amount of 
added ["C ]arginyl-tRNA is shown in Figure 5. 
Under the conditions specified it was shown that 
labeled arginine bound to tRNA was about 104 
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FIG. 3. Time course for the incorporation of ["C jargi-
nine into protein by hair-follicle homogenate (e~), 
and by the 155,000 x g supernatant from whole tissue 
homogenate (____.l. Other conditions were as de-
scribed for Fig. 1. 
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FIG. 4. Time course for the incorporation of ["C ]argi-
nine into protein by the 155,000 x g supernatant from 
hair-follicle homogenate, in the absence of ribonuclease 
("--"'l, and after the addition of 20 I'g/ml ribonu-
clease at zero time (e ___ ) and 30 min after the 
beginning of incubation (.-11). Other conditions as 
described for Fig. L 
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FIG. 5. Time course for the incorporation of (HClargi. 
nine from ruC Jarginyl-tRNA into protein by the 155,000 
x g supernatant from guinea-pig hair follicle homoge-
nate. The homogenate supernatant was prepared in a 
solution containing 20 rnM Tris-HCl (pH 7.6), 150 mM 
KCl, 4 mM MgCl" and 0.5 mM dithiothreitoL The incuba-
tion medium which consisted of 50% (by volume) homog-
enate supernatant contained 50 mM Tris-HCl (pH 9.0), 
200 mM KCI, 4 mM dithiothreitol, 2 mM MgCI" and 10 
mM EDTA. ["C ]Arginyl-tRNA (0.45 nmole arginine per 
mg unfractionated tRNA) prepared from [U-"Cj-L-
arginine (312 I'Ci/l'mole) was present at concentrations 
of 40 I'g/ml (____.1, 8() I'g/ml (e-el. or 120 
I'g/ml (+--+). The effect of adding 20 I'g/ml riho-
nuclease at zero time to a reaction mixture containing 
["G jarginyl-tRNA (120 I'g/ml) was also tested 
("'-"'). 
times more active than free arginine as a substrate 
for the reaction. When labeled arginyl-tRNA was 
present at a concentration of 120 ~g/ml, the 
incorporation of label was completed in about 10 
min and about 13% of input radioactivity was 
transferred into protein. 
Arginine incorporation by follicle homogenate 
supernatant in the presence of ["C ]arginyl-tRNA 
does not require ribosomes, Mg++, ATP, GTP, or 
exogenous protein. The transferase enzyme shows 
high activity over a broad pH range (7.5-10.5) with 
highest activity at about pH 9.0. It has been 
reported [8] that arginine transferase activity in 
sheep thyroid is highly dependent upon the pres-
ence of a reducing agent. When the exogenous 
reducing agent, 0.5 mM dithiothreitol, was omitted 
from a dialyzed follicle homogenate and from the 
incorporating system, the follicle transferase still 
had 67% of the activity which it showed in the 
presence of 4 mM dithiothreitol or dithioerythritol. 
No increase in activity could be obtained by 
varying dithiothreitol concentration over the range 
4-20 mM. 
Proof that the arginine transferred from tRNA 
by the follicle enzyme is found as a single residue 
linked via a peptidyl bond to the amino terminal of 
a protein chain was provided by the reaction of 
phenyl isothiocyanate with protein which had been 
modified by the enzyme. A single cycle of the 
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Edman procedure [30] removed 94% of the counts 
incorporated by the follicle supernatant. 
Sodium dodecyl sulphate gel electrophoresis of 
proteins arginylated in the follicle homogenate in 
the absence of exogenous acceptor proteins showed 
labeled arginine assodated with proteins having a 
wide range of molecular weights. 
DISCUSSION 
The data presented here are consistent with the 
interpretation that the arginine-incorporating ac-
tivity of postribosomal supernatants of guinea-pig 
hair follicle homogenates is due to the existence of 
an arginine transferase similar to those described 
by Soffer and other workers [6-14j. It was shown 
that incorporation of free arginine by the crude 
supernatant system is the end product of two 
linked enzymic reactions: firstly, the formation of 
arginyl-tRNA by L-arginyl-tRNA synthetase and, 
secondly, the transfer of arginine from arginyl-
tRNA to a protein acceptor by the arginine trans-
fer enzyme. In order that the conditions for the 
second reaction might be studied independently of 
the first, the transferase substrate was supplied di-
rectly as ["e jarginyJ-tRNA. 
Transferases described for other tissues have 
shown an absolute requirement for both exogenous 
protein acceptor and reducing agent [8,10]. These 
requirements were not apparent in the crude 
extract of follicle transferase which contained so 
much endogenous acceptor protein that arginine 
incorporation could not be further stimulated by 
the addition of other proteins such as bovine serum 
albumin which have been reported to be active as 
acceptors in the transfer reaction [11, 14]. At 
present, therefore, it is not possible to characterize 
the enzyme with respect to its specificity for 
acceptors. However, it is known that proteins in 
which the terminal amino group is blocked are not 
active as acceptors in the transfer reaction in other 
tissues [31j. Since the amino terminal residues of 
guinea-pig keratins are acylated [26j, as is the case 
for keratins in general [32]. it appears that these 
proteins are unlikely to serve as substrates for the 
follicle transferase in vivo. Lack of requirement for 
exogenous reducing agent may be explained by the 
large number of free sulphydryl groups present in 
follicle proteins [1,3]. These groups would be 
expected to contribute very markedly to reducing 
conditions in the crude homogenate supernatant. 
It has been shown previously that the primary 
structure of some guinea-pig hair proteins may be 
modified in at least three ways by nonribosomal 
mechanisms resulting in (1) the formation of 
covalently bound citrulline, presumably derived 
from ribosomally incorporated arginine [26,33, 
34], (2) extensive cross-linking via the f-(y-gluta-
myl) lysyl bond [28, 29), and (3) acylation of amino 
terminal residues [32]- The existence of a follicle 
enzyme sharing many of the properties of arginine 
transferases described for other mammalian tis-
sues suggests a fourth such modification. The 
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purpose of this enzyme, however, like that of the 
arginine transfer enzymes in other tissues and that 
of the phenylalanine, leucine transferase found in 
E. coli, is unknown. 
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